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y  uura  wiae  angle  micrographic  lens. 
A  wide-angle  lens  covering  a  half  angle  of  33  degrees  and  under  0.2%  at  all  reductions  substantially  extends  the  usefull- 

apable  of  being  focussed  over  a  range  of  7.4X  to  30X,  with  a  ness  of  such  a  micrographic  lens, 
atisfactory  resolution  and  distortion  at  100%  diagonal  of 
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D e s c r i p t i o n  

ULTRA-WIDE  ANGLE  MICROGRAPHIC  LENS 

0 2 1   7 5 2 6  

T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e m e n t   in  w i d e  
5  a n g l e   l e n s e s   fo r   use   in  m i c r o g r a p h i c s   to  r e d u c e   e n g i n e e r i n g  

d r a w i n g s   to  m i c r o i m a g e   s i z e   upon  f u l l   e x p o s u r e   w i t h  
i m p r o v e d   r e s o l u t i o n   and  s i m p l i c i t y   in  the   i n d i v i d u a l   l e n s  
e l e m e n t s .   In  one  a s p e c t   t h i s   i n v e n t i o n   r e l a t e s   to  a n  
u l t r a - w i d e   a n g l e   l e n s   u s i n g   the   most   d e s i r a b l e   g l a s s e s   a n d  

10  m i n i m i z i n g   the  t h i c k n e s s   and  r a d i i   of  the   i n d i v i d u a l   l e n s  
e l e m e n t s   . 

B a c k g r o u n d   A r t  

Wide  a n g l e   l e n s e s   fo r   r e d u c i n g   the  l i g h t   p a t h   a n d  
s i m p l i f y i n g   m i c r o g r a p h i c   i m a g i n g   e q u i p m e n t   is  a  c o n t i n u a l  

L5  f i e l d   of  i n v e n t i v e   e n d e a v o r ,   and  d e s i g n   of  such   l e n s e s  
a f f o r d i n g   i m p r o v e m e n t s   in  a n g u l a r i t y   w i t h o u t   s a c r i f i c i n g  
r e s o l u t i o n   is   i m p o r t a n t   as  w e l l   as  p l a c i n g   e m p h a s i s   on  t h e  
e a s e   of  m a n u f a c t u r e   of  such   w i d e - a n g l e   l e n s e s   and  u s i n g  
g l a s s e s   wh ich   a re   common,  a v o i d i n g   t h o s e   wh ich   a re   e a s i l y  

10  s t a i n e d ,   e x c e s s i v e l y   s o f t ,   or  p r o n e   to  s t r i a e .  
The  l e n s   of  the   p r e s e n t   i n v e n t i o n   is  c o m p a r a b l e  

to  o t h e r   u n s y m m e t r i c a l   w i d e - a n g l e   l e n s e s   such   as  t h o s e  
i l l u s t r a t e d   and  d i s c u s s e d   in  U . S . A .   L e t t e r s   P a t e n t   N o .  
3 , 9 9 7 , 2 4 7   on  the   b a s i s   of  p e r f o r m a n c e   in  t h a t   the  l e n s   o f  

>5  the   c u r r e n t   i n v e n t i o n   a l s o   a p p r o a c h e s   the  d i f r a c t i o n   l i m i t .  
The  p r i o r   a r t   wide  a n g l e   l e n s   c o m p r i s e s   f i v e   or  s i x   l e n s  
g r o u p s ,   a  " g r o u p "   b e i n g   u n d e r s t o o d   not   to  n e c e s s a r i l y   i m p l y  
a  c o m b i n a t i o n   of  two  or  more  l e n s   e l e m e n t s .   The  l e n s  
of  the  p r e s e n t   i n v e n t i o n   h o w e v e r   d i f f e r s   in  t h a t   i t  

10  i n c l u d e s   10  l e n s   e l e m e n t s   which   a re   d i v i d e d   i n t o   f o u r  
g r o u p s .   The  f i r s t   g r o u p   c o m p r i s e s   two  m e n i s c u s   l e n s  
e l e m e n t s   wh ich   a re   a x i a l l y   s e p a r a t e d ,   the  s e c o n d   g r o u p  
c o m p r i s i n g   an  e l e m e n t   h a v i n g   a  f r o n t   f a c e   wh ich   is  c o n v e x ,  
and  the  g r o u p   is  p r o v i d e d   w i t h   c o n v e r g i n g   p o w e r ,   a n  

15  a p e r t u r e ,   a  t h i r d   g r o u p   of  n e g a t i v e   power   w i t h   the  t h i r d  



sns  e l e m e n t   of  the   g r o u p   b e i n g   c o n v e x   w w a r u   me  ' B ^ n o Z t S  

le  l e n s ;   and  the   f o u r t h   g r o u p   c o m p r i s e s   a  c e m e n t e d  

D u b l e t   . 

The  ̂ l e n s   e l e m e n t s   of  the   p r e s e n t   i n v e n t i o n   u s e  

l a s s e s   w i t h   d e s i r a b l e   c h e m i c a l   and  m e c h a n i c a l   p r o p e r t i e s  

nd  a l l   of  t he   l e n s e s   have  an  a x i a l   t h i c k n e s s   g r e a t e r   t h a n  

b o u t   10%  of  the   d i a m e t e r .   L e n s e s   w i t h   s m a l l   r a d i i   o f  

u r v a t u r e   a r e   a v o i d e d .   A l s o ,   t r i p l e t   c o n s t r u c t i o n s   f o r   t h e  

ens  e l e m e n t s   a re   a v o i d e d .   The  l e n s   p r o v i d e s   wide  a n g u l a r  

o v e r a g e   to  p r o v i d e   a  s h o r t   l i g h t   p a t h   at  r e d u c t i o n s   o f  

6X,  24X  and  3 0 X .  

d s c l o s u r e   of  I n v e n t i o n  

The  u l t r a - w i d e   a n g l e   l e n s   of  the  p r e s e n t  

. n v e n t i o n   c o m p r i s e s   10  l e n s   e l e m e n t s   p o s i t i o n e d   in  f o u r  

l e n e r a l   g r o u p s   and  a l l   a i r s p a c e d   from  one  a n o t h e r .   T h e  

: i r s t   g r o u p   c o m p r i s e s   a  p a i r   of  a i r s p a c e d   m e n i s c u s   l e n s  

i l e m e n t s   of  c o n v e r g i n g   p o w e r ,   t he   s e c o n d   g r o u p   c o n s i s t s   o f  

i  c e m e n t e d   d o u b l e t   and  a  b i c o n v e x   s i n g l e t ,   the   t h i r d   g r o u p  

; o n s i s t s   of  a  p l a n o - c o n c a v e   s i n g l e t   and  a  c e m e n t e d   d o u b l e t ,  

md  the   l a s t   g r o u p   c o m p r i s e s   a  c e m e n t e d   d o u b l e t .   An 

i p e r t u r e   s t o p   is   l o c a t e d   b e t w e e n   the   s e c o n d   and  t h i r d  

g r o u p s .   The  l e n s   has  a  f i n i t e   f - n u m b e r   of  f / 5 . 6   a t   30X  a n d  

has  an  e q u i v a l e n t   f o c a l   l e n g t h   of  4 0 . 4 4   mm.  The  l e n s  

p r o v i d e s   an  u l t r a   wide  a n g l e   h a v i n g   a  h a l f   a n g l e   of  33 

d e g r e e s   and  i t s   r e s o l u t i o n   w i l l   meet   or  e x c e e d   t h e  

r e s o l u t i o n   t e s t s   fo r   c l a s s   1  m i c r o f i l m .   D i s t o r t i o n   a t   100% 

d i a g o n a l   is   u n d e r   0.2%  fo r   a l l   r e d u c t i o n s .  

The  l e n s   e l e m e n t s   a r e   d e s i g n e d   fo r   e a s e   o f  

m a n u f a c t u r e ,   and  the  l e n s   e l e m e n t s   have  an  a x i a l   t h i c k n e s s  

to  d i a m e t e r   r a t i o   e q u a l   to  or  g r e a t e r   t han   10%. 

B r i e f   D e s c r i p t i o n   of  D r a w i n g  

The  p r e s e n t   i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d  

w i t h   r e f e r e n c e   to  the  a c c o m p a n y i n g   d r a w i n g   w h e r e i n :  
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F i g u r e   1  is   a  d i a g r a m   of  a  l e n s   c o n s t r u c t i o n  
a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  is   a  c u r v e   s h o w i n g   s a g i t t a l   a n d  
t a n g e n t i a l   ray   i n t e r c e p t   c u r v e s   in  p r i m a r y ,   s e c o n d a r y   a n d  

5  t e r t i a r y   l i g h t   on  a x i s ;  

F i g u r e   3  is  a  c u r v e   s h o w i n g   the   t a n g e n t i a l   r a y  
i n t e r c e p t   c u r v e s   f o r   the   p r i m a r y ,   s e c o n d a r y ,   and  t e r t i a r y  
l i g h t   r a y s   a t   70.7%  f i e l d ;  

F i g u r e   4  is   a  c u r v e   s h o w i n g   the   t a n g e n t i a l   r a y  
LO  i n t e r c e p t   c u r v e s   f o r   the   p r i m a r y ,   s e c o n d a r y ,   and  t e r t i a r y  

l i g h t   r a y s   at   100%  f i e l d ;  

F i g u r e   5  is  a  c u r v e   s h o w i n g   the  s a g i t t a l   r a y  
i n t e r c e p t   c u r v e s   f o r   the   p r i m a r y ,   s e c o n d a r y ,   and  t e r t i a r y  
l i g h t   r a y s   at   70.7%  f i e l d ;   a n d  

-5  F i g u r e   6  is   a  c u r v e   s h o w i n g   the  s a g i t t a l   r a y  
i n t e r c e p t   c u r v e s   f o r   p r i m a r y ,   s e c o n d a r y ,   and  t e r t i a r y   l i g h t  
a t   100%  f i e l d .  

D e t a i l e d   D e s c r i p t i o n  

The  m i c r o g r a p h i c   l e n s   of  the   p r e s e n t   i n v e n t i o n   i s  
0  an  u l t r a - w i d e   a n g l e   l e n s   c o v e r i n g   a  h a l f   a n g l e   of  33  

d e g r e e s .   The  l e n s   c o m p r i s e s   10  e l e m e n t s .   These   10  e l e m e n t s  
a r e   d i v i d e d   i n t o   f o u r   g e n e r a l   g r o u p s   i d e n t i f i e d   as  A,  B,  c ,  
and  D.  Group  A  c o m p r i s e s   a  p a i r   of  a i r s p a c e d   m e n i s c u s  
e l e m e n t s .   The  l e n s   e l e m e n t s   a r e   i d e n t i f i e d   by  the  n u m e r a l s  

5  1  and  2.  Group  B  c o m p r i s e s   a  c e m e n t e d   d o u b l e t   c o n s i s t i n g   o f  
l e n s   e l e m e n t s   3  and  4  and  a  b i c o n v e x   s i n g l e t   5.  Group  C 
c o n s i s t s   of  a  p l a n o - c o n c a v e   s i n g l e t ,   e l e m e n t   6,  and  a 
c e m e n t e d   d o u b l e t ,   e l e m e n t s   7  and  8.  Group  D  c o m p r i s e s   a  
c e m e n t e d   d o u b l e t   c o n s i s t i n g   of  l e n s   e l e m e n t s   9  and  10.  An 

0  a p e r t u r e   s t o p   11  is   l o c a t e d   b e t w e e n   the   s e c o n d   and  t h i r d  
g r o u p s .   The  a p e r t u r e   s t o p   has  a  7 . 8 8   mm  o p e n i n g   y i e l d i n g   a 
f i n i t e   f - n u m b e r   of  f / 5 . 6   a t   30X  f o r   t h i s   4 0 . 4 4   mm  l e n s .  

Al l   the  l i n e a r   d i m e n s i o n s   such   as  r a d i i ,  
t h i c k n e s s   and  a i r s p a c i n g s   a re   r e c i t e d   bu t   not   as  a b s o l u t e  

'■>  d i m e n s i o n s   s i n c e   t h i s   d e s i g n   may  be  s c a l e d   to  p r o v i d e   f o c a l  
l e n g t h s   o t h e r   t h a n   4 0 . 4 4   mm.  The  n u m b e r s   g i v e n   are   b a s e d   on  
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ie  e q u i v a l e n t   f o c a l   l e n g t h   of  the   e n t i r e   l e n s   a s s e m b l y ,  

le  r a d i i   of  c u r v a t u r e   of  the   f r o n t   and  r e a r   s u r f a c e   of  t h e  

L r s t   l e n s   e l e m e n t   1  is  r e c i t e d   as  and  R2  and  the  r a d i u s  

E  c u r v a t u r e   of  the  s e c o n d   e l e m e n t   i s   r e p r e s e n t e d   by  t h e  

a f e r e n c e   n u m e r a l s   R3  and  R4,  r e s p e c t i v e l y .   The  l a s t   r a d i i  

f  c u r v a t u r e   would  be  i n d i c a t e d   as  R17.  In  the   f o l l o w i n g  

a b l e   t he   v a l u e s   of  the  o p t i c a l   s y s t e m   are   as  f o l l o w s  

h e r e i n   t he   r a d i i   a re   g i v e n   in  m i l l i m e t e r s   and  n u m b e r e d   f o r  

he  s u r f a c e s   of  the   l e n s   e l e m e n t s   from  f r o n t   to  r e a r   a s  

e n t i o n e d   a b o v e .   The  t h i c k n e s s   of  t he   l e n s   e l e m e n t s   a r e  

i v e n   in  m i l l i m e t e r s   fo r   e ach   l e n s   e l e m e n t ,   the   a i r s p a c i n g s  

re  g i v e n   in  m i l l i m e t e r s   and  a r e   n u m b e r e d   from  f r o n t   t o  

e a r   i . e .   Sx,  S2  e t c . ,   and  the  v a l u e s   fo r   the  g l a s s   a r e  

i v e n   w i t h   the   r e s p e c t i v e   d i s p e r s i v e   V - v a l u e   and  t h e  

e f r a c t i v e   i n d e x   Nd  are   g i v e n   f o r   each   of  the   e l e m e n t s .   The  

i p t i c a l   v a l u e s   of  the  o p t i c a l   s y s t e m   fo r   a  30X 

l a g n i f   i c a t i o n   l e n s   w i t h   an  e q u i v a l e n t   f o c a l   l e n g t h   o f  

10.44  mm  a r e   g i v e n   in  p r o p o r t i o n   to  the  e n t i r e   l e n s   a s  

i o l l o w s :  
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w h e r e i n   the  n e g a t i v e   v a l u e s   f o r   the  r a d i i   i n d i c a t e   a  

s u r f a c e   c o n v e x   to  t h e   s h o r t   c o n j u g a t e .  

In  the   30X  m a g n i f i c a t i o n   l e n s   c o n f i g u r a t i o n   t h e  

f r o n t   c o n j u g a t e   i s   1 1 9 7 . 0 5 4   mm  and  the   r e a r   or  s h o r t  

5  c o n j u g a t e   is   1 2 . 2 1   mm. 

The  d i a m e t e r s   of  the   l e n s e s   a re   as  f o l o w s :  

1 -71 .   0mm,  2 - 4 7 .   9mm,  3 - 2 3 .   0mm,  4 - 2 3 .   2mm,  5 - 1 3 .   3mm,  6 - 9 .   6mm, 

7 -12 .   1mm,  8 - 1 6 .   5mm,  9 - 3 4 .   8mm,  and  1 0 - 3 4 .   6mm. 

I t   w i l l   be  n o t e d   t h a t   the   g l a s s e s   u sed   in  t h e  

L0  l e n s   p r o v i d e   e a s e   of  m a n u f a c t u r e ,   and  the  a x i a l   t h i c k n e s s e s  

of  the  l e n s e s   a r e   s u c h   t h a t   t hey   e x c e e d   10%  of  the   d i a m e t e r  

to  a v o i d   m a n u f a c t u r i n g   d i f f i c u l t y .  

The  l e n s   i s   u t i l i z e d   p r i m a r i l y   f o r   f u l l   f r a m e  

r e d u c t i o n   of  e n g i n e e r i n g   d r a w i n g s   to  35  mm.  In  m i c r o f i l m  

L5  and  m i c r o g r a p h i c   a p p l i c a t i o n s   the  demand  is   f o r   l e n s e s  

o f f e r i n g   n e a r   d i f f r a c t i o n - l i m i t e d   p e r f o r m a n c e   o v e r   w i d e  

h a l f   a n g l e s   of  30°  or  more .   For  such   d e m a n d i n g  

a p p l i c a t i o n s   s e v e r a l   p r o b l e m s   must   be  s o l v e d .   D i s t o r t i o n  

is  d i f f i c u l t   to  c o n t r o l   a t   l a r g e   a n g l e s   o f f   a x i s .   A l s o ,   a s  

20  the  f i e l d   i n c r e a s e s   the   e l e m e n t s   on  the  long   c o n j u g a t e   s i d e  

of  the  l e n s   a s s e m b l y   t e n d   to  become  s t r o n g l y   c u r v e d .   T h i s  

adds  to  the   c o s t   of  m a n u f a c t u r e .   F u r t h e r ,   s i n c e   c o s 4   l a w  

i l l u m i n a t i o n   l o s s e s   become  q u i t e   s i g n i f i c a n t   a t   l a r g e  

a n g l e s   o f f   a x i s ,   a t   l a r g e   o b l i q u i t i e s ,   i t   i s   i m p e r a t i v e  

25  t h a t   t he   l e n s   be  f r e e   of  v i g n e t t i n g   a t   f u l l   f i e l d   t o  

m a x i m i z e   r e l a t i v e   i l l u m i n a t i o n .   S i m p l y   e n l a r g i n g   e l e m e n t  

d i a n e t e r s   to  e l i m i n a t e   v i g n e t t i n g   can  r e s u l t   in  i n d i v i d u a l  

l e n s   e l e m e n t s   w h i c h   have  v e r y   t h i n   e d g e s ,   m a k i n g   t h e m  

d i f f i c u l t   to  mount   in  an  a s s e m b l y ,   and  t h i s   o f t e n   r e s u l t s  

30  in  a  t h i c k n e s s   to  d i a m e t e r   r a t i o   of  l e s s   t han   10%,  l e a d i n g  

to  d i f f i c u l t y   in  h o l d i n g   the   a c c u r a c y   of  f i g u r e   on  

i n d i v i d u a l   g l a s s   s u r f a c e s ,   e s p e c i a l l y   when  s t r o n g l y   c u r v e d .  

The  l e n s   e l e m e n t s   of  the   p r e s e n t   s y s t e m   have  a  t h i c k n e s s   t o  

d i a m e t e r   r a t i o   e x c e e d i n g   10%. 

35  When  r e s o l u t i o n   a p p r o a c h i n g   the  d i f f r a c t i o n   l i m i t  

is  r e q u i r e d ,   the   f u l l   f i e l d   i m a g e r y   in  the   t a n g e n t i a l  

d i r e c t i o n   is  s o m e w h a t   l o w e r   t han   in  the  s a g i t t a l   d i r e c t i o n .  
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T h i s   e f f e c t   is  due  to  the   r e d u c e d   a p p a r e n t   a n g l e   the  o b j e c t  
s u b t e n d s   in  the   t a n g e n t i a l   d i r e c t i o n   r e l a t i v e   to  the  l e n s .  
To  m a x i m i z e   r e s o l u t i o n   in  the  t a n g e n t i a l   d i r e c t i o n   i t   i s  

i m p e r a t i v e   t h a t   a  l e n s   be  o p t i m i z e d   f o r   p o l y c h r o m a t i c   l i g h t  
and  have  no t   o n l y   the   n o r m a l   c h r o m a t i c   a b e r r a t i o n  

q u a n t i t i e s   c o r r e c t e d /   bu t   t h a t   the   v a r i a t i o n   o f  
m o n o c h r o m a t i c   a b e r r a t i o n s   w i t h   w a v e l e n g t h   be  m i n i m i z e d   a s  
w e l l .   As  the   r ay   i n t e r c e p t   c u r v e s   of  F i g u r e s   2  t h r o u g h   6 
show,   the   d e v i a t i o n s   of  r e l a t i v e   r ay   p o s i t i o n   fo r   the  t h r e e  
r e f e r e n c e   w a v e l e n g t h s   of  l i g h t   a r e   s l i g h t ,   i . e .   He l ium  d  o r  
g r e e n   i n d i c a t e d   by  s o l i d   l i n e   r e f e r e n c e   n u m e r a l   2 0 ,  

H y d r o g e n   F  or  b l u e   i n d i c a t e d   by  b r o k e n   l i n e   r e f e r e n c e  
n u m e r a l   21,  and  H y d r o g e n   C  or  red   i n d i c a t e d   by  dash   l i n e  
r e f e r e n c e   n u m e r a l   22.  Th i s   i n d i c a t e s   v e r y   w e l l   c o n t r o l l e d  
c h r o m a t i c   a b e r r a t i o n   and  e x c e l l e n t   c o r r e c t i o n   of  t h e  
m o n o c h r o m a t i c   a b e r r a t i o n s .   P o l y c h r o m a t i c   d i f f r a c t i o n  

o p t i c a l   t r a n s f e r   f u n c t i o n   e v a l u a t i o n   w i t h   the  s p e c t r a l  
w e i g h t   of  f{  =  . 5 8 7 5 6   ( H e l i u m   d)  as  60%  ,  pj  =.  4 8 6 1 3  

( H y d r o g e n   F)  as  20%  and  ft  =  . 6 5 6 2 7   ( H y d r o g e n   C)  as  20% 
i n d i c a t e s   t h a t   the   l e n s   of  the   p r e s e n t   i n v e n t i o n   w i l l  
p r o d u c e   m o d u l a r   t r a n s f e r   f u n c t i o n   at   160  l i n e s / m m   w i t h i n   2 
m o d u l a t i o n   t r a n s f e r   f u n c t i o n   u n i t s   of  the   t h e o r e t i c a l   l i m i t  
a t   f u l l   f i e l d ,   the   t h e o r e t i c a l   l i m i t   b e i n g   t h a t   at  w h i c h  
a l l   w a v e l e n g t h   e r r o r s   a r e   i d e n t i c a l   to  z e r o .  
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1.  An  u l t r a - w i d e   a n g l e   m i c r o g r a p h i c   l e n s  

c o m p r i s e s   t en   l e n s   e l e m e n t s   c o m p r i s i n g  

a t   l e a s t   f o u r   g r o u p s   a i r s p a c e d   from  one  a n o t h e r ,  

c h a r a c t e r i z e d   by  the  f e a t u r e   t h a t   the  f i r s t   g r o u p   c o m p r i s e s  

5  a  p a i r   of  a i r s p a c e d   m e n i s c u s   l e n s   e l e m e n t s   of  c o n v e r g i n g  

power ,   t he   s e c o n d   g r o u p   c o m p r i s e s   a  c e m e n t e d   d o u b l e t   and  a  

b i c o n v e x   s i n g l e t ,   the  t h i r d   g r o u p   c o m p r i s e s   a  p l a n o - c o n c a v e  

s i n g l e t   and  a  c e m e n t e d   d o u b l e t ,   and  the   f o u r t h   g r o u p  

c o m p r i s e s   a  c e m e n t e d   d o u b l e t ,   an  a p e r t u r e   s t o p   is   l o c a t e d  

LO  b e t w e e n   the   s e c o n d   and  t h i r d   g r o u p s ,   and  s a i d   l e n s   e l e m e n t s  

have  a  r a t i o   of  t h i c k n e s s   to  d i a m e t e r   e q u a l   to  or  e x c e e d i n g  

ten  p e r c e n t .  

2.  An  u l t r a - w i d e   a n g l e   m i c r o g r a p h i c   l e n s  

a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i z e d   in  t h a t   s a i d   t en   l e n s  

L5  e l e m e n t s   have   a  h a l f   a n g l e   of  33  d e g r e e s   and  an  e f f e c t i v e  

f o c a l   l e n g t h   of  4 0 . 4 4   mm,  and  s a i d   l e n s   h a v i n g   t h e  

c h a r a c t e r i s t i c s   of  the   l e n s   e l e m e n t s   and  s p a c i a l  

r e l a t i o n s h i p   a r e   s u b s t a n t i a l l y   as  f o l l o w s :  
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T h i c k n e s s  

kens   R a d i u s   &  a i r s p a c e   
0 2 1   7  

E l e m e n t   S u r f a c e   mm  mm  n#  yH 
Rl  7 1 . 9 1 3  

1  1 

R2  3 8 . 1 9 9  

1 

R3  4 0 . 0 7 3  

2 

R4  2 4 . 2 4 3  

3 

R5  2 6 . 8 9 9  

3 

R6  -  2 8 . 4 6 1  
4 

R7  8 3 . 3 8 0  

Re  8 3 . 3 8 0  
5 

Rg  -  6 4 . 6 1 0  

11  7 . 8 8   o p e n i n g  

1 

RlO  -  3 3 . 8 2 8  

6 

R l l   ° ^  

( 

Rl2  - 4 4 1 . 6 8 2  
7  ; 

Rl3  -  9 . 4 0 3  

1 1 . 6 3   1 . 4 8 7   7 0 . 1  

1 1 . 3 7  

8 . 5 8   1 . 4 8 7   7 0 . 1  

3 4 . 2 9  

9 . 6 8   1 . 7 2 6   5 3 . 5  

3 . 9 7   1 .701   4 1 . 2  

1 . 4 3  

5 . 5 5   1 . 7 1 3   5 3 . 8  

0 . 8 7  

0 . 9 6  

1 .58   1 . 5 1 4   5 4 . 7  

0 . 2 5  

5 .96   1 . 5 6 4   6 0 . 7  

5 .73   1 . 6 6 4   3 5 . 7  
Rl4  -  2 6 . 5 0 6  

Rl5  -  1 7 . 8 9 6  

1 4 . 0 3  

3 . 5 0   1 . 5 3 2   4 8 . 9  
Rl6  1 0 1 . 5 5 8  

10  5 .52   1 . 6 0 3   3 8 . 0  

Rl7  -  5 9 . 3 9 2  
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t h e r e i n   the   n e g a t i v e .   v a l u e s   f o r   the   r a d i i   i n d i c a t e   a  

B u r f a c e   c o n v e x   to  the  s h o r t   c o n j u g a t e   and  a l l   d i m e n s i o n s  

are  e x p r e s s e d   in  p r o p o r t i o n   to  the  e q u i v a l e n t   f o c a l   l e n g t h  

of  the  l e n s .  
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